L105K mutant of proteorhodopsin.
Proteorhodopsin (PR) is a light-driven proton pump found in marine bacteria. Thousands of PRs are classified into blue-absorbing (λ(max) ~ 490 nm) and green-absorbing (λ(max) ~ 525 nm) PR, and the color determinant is known to be at position 105, where blue-absorbing and green-absorbing PR possess Gln and Leu, respectively. Position 105 is in contact with the retinal chromophore in the hydrophobic region of the cytoplasmic side. In this paper, we have introduced a positively charged lysine group at position 105, which is the first report of the introduction of a positively charged group into the hydrophobic cytoplasmic domain in microbial rhodopsins. The L105K mutant PR shows an ~21 nm red shift (λ(max) ~ 549 nm) at pH 7.0, and the pK(a) of the counterion (7.2) does not change significantly compared to that of wild-type PR (6.8). The analysis of thermal stability shows that the mutation causes some destabilization of structure, but the mutant is more stable toward hydroxylamine reaction than the wild type. The flash photolysis measurement at pH 9.0 shows that the decay of the M intermediate of L105K is ~3 times slower than that of the wild type. The slow M decay possibly originates from the perturbation of the proton donor (Glu108) and the retinal Schiff base due to positioning of a positively charged lysine group in the proton transfer pathway. The perturbation of proton transport is also observed when we measure light-induced proton pumping. The rate of proton transport in L105K mutant is 6 times slower than that of the wild type, which corroborates our flash photolysis result.